Background-Nitric oxide (NO) has been recently implicated as a possible mediator of bowel inflammation and has also been shown to stimulate electrogenic chloride secretion in rat and guinea pig intestine. This study therefore investigated the effect on two NO donors, sodium nitroprusside (SNP) and S-nitroso-N-acetylpenicillamine (SNAP) on human colonic ion transport. Methods-Changes in short circuit current (ASCC) in response to nitric oxide donating compounds were measured in muscle stripped normal human colon mounted in Ussing chambers. The ion species and intracellular mechanisms responsible for
Nitric oxide (NO) was originally described as endothelial derived relaxing factor' and in recent years has been established to be an important biological mediator in a number of tissue functions.2 NO is generated from L-arginine by NO synthase (NOS), which exists as a constitutive (calcium dependent unaffected by glucocorticoids) or inducible (calcium independent, induction inhibited by glucocorticoids) enzyme in many tissue types.2 3 In recent years NO has also been implicated in regulating an increasing number of physiological and pathophysiological activities in the gastrointestinal tract.4 Among its activities in the gastrointestinal tract, NO has been shown to be an inhibitory non-cholinergic non-adrenergic neurotransmitter of intestinal and biliary tract motility5-7 and a regulator of mucosal permeability.8
It is also becoming apparent that in addition to regulating gastrointestinal motility and permeability, NO may also be an important mediator of intestinal ion transport. Recent animal experiments have shown that NO applied directly,9 or via NO donating compounds9-11 to experimental animal intestine in vitro, stimulates electrogenic chloride secretion, a mechanism responsible for secretory diarrhoea.12 Furthermore, the NO synthase inhibitor NG-nitro-L-arginine methyl ester (L-NAME) attenuates castor oil'3 and laxative induced'4 diarrhoea in rats in vivo. Recently, inducible nitric oxide synthase (iNOS) has been shown to be increased in animal models of experimental colitis'5 and in active idiopathic ulcerative colitis in humans,'6 17 suggesting a role for NO in the pathogenesis of these conditions. NO is generated by a number of immunological cell types including mast cells, '8 neutrophils,19 and macrophages20 all of which have been shown to be present in increased quantities in the lamina propria and the lumen of inflamed bowel.
It is increasingly recognised that species variation is a feature of intestinal secretion in response to secretagogues. acid (NDGA), and NG-nitro-L-arginine methyl ester (L-NAME) were obtained from Sigma Chemical, Poole, Dorset, UK. Snitroso-N-acetyl-penicillamine (SNAP) and 4-acetamido-4'-isothio-cyano-2,2'disulphonic acid stillbene (SITS) were obtained from Calbiochem-Novabiochem, La Jolla, CA.
Results

Basal parameters
In all, 145 separate colonic specimens from 43 patients (34 left sided, and nine right sided) were included for analysis of baseline parameters and responses to NO donating drugs. Fig 1) . SNP 10-4M exhibited significantly reduced responses to a second application at a similar concentration after 30 minutes; first addition 29.7 piA/cm2, second addition -2-8 (0.7) piA/cm2 (p<0 05, n=7). Therefore to avoid problems of tachyphylaxis when constructing a concentration response curve, each piece of data was control; 55.9 (21.8) ,uA/cm2 v SNP and amiloride; 59-6 (23 8) pLA/cm2; p=0.8, n=6).
As these inhibitor experiments suggested that electrogenic chloride secretion was the main contributor to SNP induced increased ASCC, confirmatory ion substitution studies were performed. In chloride free media, ASCC response to SNP was reduced by 68.3 (7.3)% (from 36-2 (13.6) to 7.0 (2.2) pA/cm2 p<005, n=7; Fig 3) 10-5M by 57-9 (11.9)% (from 75.0 (13.4) to 29.0 (6.9) pA/cm2, p<0 05; n=7). In addition nordihydroguaiaretic acid 10-4M, which has both cyclooxygenase and lipoxygenase inhibiting properties, significantly reduced ASCC response to SNP by 48-0 (12-9)% (from 47A4 (146) to 21.2 (7T4) piA/cm2, p<005; n=7).
The neuron blocker tetrodotoxin 10-6M (an inhibitor of fast sodium channels in nerves27) reduced SNP induced ASCC by 52.3 (9d1)% (from 75.0 (13A4) to 29-0 (6.9) pA/cm2, p<0 05; n=6) and the combination of 15X 10-6M and piroxicam 10-5M virtually abolished ASCC with SNP 10-4M (96.8 (3.3)% reduction, p<0.001, n=6; Fig 4) . The ASCC response to carbachol 10-4M was not affected by piroxicam, TTX, or NDGA at the concentrations used but was significantly reduced by the combination of piroxicam 10-5M and TTX 10-6M together (Table II) . The iNOS inhibitor L-NAME 10-4M did not change ASCC response to SNP 10-4M (SNP alone 56.7 (22.0) pA/cm2, SNP and L-NAME 52.6 (1217) pA/cm2, p=0.8; n=7).
Discussion
There is increasing evidence that NO may control many important functions of the gastrointestinal tract4 and another role that has been recently recognised is its ability to regulate intestinal ion transport in animals.9-" However the role of NO in regulating human colonic ion transport (Fig 2) . As repeated basolateral administration of SNP caused tachyphylaxis, a concentration response curve was constructed using separate tissues. The fact that repeated administration of SNP did not effect the subsequent ASCC response to carbachol shows that SNP induced tachyphylaxis is a real phenomenon rather than a decreased sensitivity due to a toxic affect. The ED50 for SNP in human colon is 2-5x10-5M, which is of the same order of magnitude as for rat colon 8X 10 -5M. 10 Basal short circuit current in human colon was significantly reduced by apical amiloride indicating that basal ion transport was at least in part accounted for by sodium absorption. Previous studies have shown both basal electrogenic sodium absorption and electroneutral Na-Cl co-transport in human colon in vitro.26 36 In this study basal short circuit current was also significantly reduced by piroxicam, NDGA, and tetrodotoxin indicating that continuous synthesis of prostaglandins as well as local enteric nerves contribute to basal electrical tone, which has been previously demonstrated in human colon. 2' The ionic basis of the increased ASCC in response to SNP was investigated both by using pharmacological inhibitors of known ion transporting processes and by ion replacement studies. We have concluded from these studies that electrogenic chloride secretion is the main contributor to the increased ASCC as bumetanide and chloride free media inhibited 
